Post-zygotic reproductive isolating mechanisms between two chromosomally distinct, allopatric Otomys irroratus (Brants, 1827) populations (Kamberg and Karkloof) were studied in the laboratory by means of breeding trials, and by comparing the postnatal development of young of intrapopulation and interpopulation pairs. In contrast to the 100% breeding success of intrapopulation pairs, fewer than half of the interpopulation pairs produced young, and overall reproductive performance of these pairs was reduced. Furthermore, fitness of hybrids was dramatically impaired, as indicated by increased pre-weaning mortality, and inhibited growth in respect of body mass (postnatal development), as well as almost complete sterility (backcross and hybrid-cross matings) of surviving young. The results indicate the existence of chromosomal and/or genetic incompatibility between the two populations. The presence of a tandem fusion in the Kamberg karyotype is thought to be particularly significant in causing hybrid sterility, and the Kamberg population may be regarded as an incipient sibling species.
Introduction
By means of a series of laboratory breeding trials, Pillay et al. (1992) demonstrated the existence of reduced reproductive success among three chromosomally distinct allopatric populations (Committee's Drift, Hogsback, Karkloof) of the vlei rat Otomys irroratus (Brants, 1827) (Muridae, Otomyinae). Of significance in that study was that a high proportion of hybrids from interpopulation pairings involving Committee's Drift animals died before weaning, and that almost all hybrids from Hogsback-cross pairings were sterile. The presence of a tandem fusion in the Hogsback karyotype was apparently responsible for this sterility.
The results of the breeding study ) appeared to confirm the Meester (1988) model of chromosomal speciation, which postulates the formation of sibling species as a consequence of chromosomal rearrangements which act as a post-zygotic reproductive isolating mechanism.
In the course of ongoing studies on speciation in populations of O. irroratus (see Meester et al. 1992) , the interbreeding potential of two allopatric KwaZulu-Natal Midlands populations (Kamberg and Karkloof) was ascertained. These populations were selected for study on the basis of their close geographic proximity (i.e. less than 50 km apart), suggesting that gene flow between them is possible in nature (Pillay 1993 (Mayr 1963 ). To ascertain whether or not hybrids in the present study were inviable, the postnatal development of young from intrapopulation and interpopulation pairs was compared.
Materials and methods
The populations represented in this study -Kamberg (29°23'S, 29°42'E) and Karkloof (29°17'S, 30°11'E) -are characterised by the following karyotypes: Kamberg -2N = 24-27, all acrocentrics, tandem fusion between pairs seven and 12; Karkloof -2N = 30-32, all acrocentrics (Contrafatto et al. 1992a, b) .
Breeding
Maintenance of laboratory stocks and the conditions under which breeding took place are described elsewhere (see Pillay et al. 1992) . The breeding performance of 70 intrapopulation, 40 interpopulation, 48 backcross and 12 hybrid-cross pairs (specified below as male x female) was ascertained. Interpopulation trials comprised bi-directional pairings (i.e. pairings of a Kamberg male and Karkloof female, and of a Karkloof male and Kamberg female). Backcross trials comprised pairings between progeny resulting from interpopulation matings with individuals from the parent stocks. Hybrid-crosses comprised pairings between hybrids resulting from the same cross category. Except for the hybrids and some individuals used in intrapopulation breeding, all animals used in breeding trials were known breeders. For convenience, young of intrapopulation pairs are referred to as purebred and those of interpopulation pairs as hybrids.
Pairs were held together for a total of 150 days or until the birth of the third litter, whichever occurred earlier, but pairs that were unproductive after 80 days were separated. Cages were inspected daily and the general condition of the pairs was assessed; pairs that engaged in damaging fights were separated. After parturition, the cage bedding was examined for evidence of dead neonates. Post--mortem examination was confined to the external body surface of neonates. Surviving juveniles were allowed to remain with the parents for the first 30 days, and thereafter transferred to holding cages.
The postnatal development of selected litters representing intra-and interpopulation pairs was studied (see below).
The following were recorded for each litter: date of birth, size, and pre-weaning infant mortality. The fecundity (here defined as the product of mean litter size and the number of litters born per 150 days) was calculated for each pair. The Mann-Whitney [/-test (Sokal and Rohlf 1987) was used to test for significance between the data sets in respect of intrapopulation and interpopulation pairings (e.g. between Kamberg and Karkloof x Kamberg pairings).
Postnatal development
The postnatal development of 121 young representing 15 Kamberg, 22 Karkloof, 8 Kamberg x Karkloof and 10 Karkloof x Kamberg litters was studied. Young were measured (i.e. head-body, hind-foot, ear and tail lengths) and weighed every second day for the first two weeks of life, and at weekly intervals thereafter to 14 weeks of age. The timing of the following physical developmental events was also monitored: opening of the eyes; first response to auditory and olfactory stimuli, indicated by a startle reaction to sucking sounds and gentle blowing across the face by the observer; development of locomotor abilities; weaning; and sexual maturity, recorded in males when the testes descended into the scrotal sacs and were of adult size, and in females when the vagina first became perforate (Pillay 1990 ). In addition, observations were made on the development of patterns of amicable and agonistic behaviour among littermates, and between young and their parents.
Results

Breeding
The results of all breeding trials are summarized in Table 1 . All intrapopulation pairs produced offspring. In contrast, interpopulation breeding success was reduced, with only 47.5% of pairs producing young. Moreover, males of 10 of the 12 unsuccessful Kamberg x Karkloof pairs (Table 1) Backcross and hybrid-cross breeding were severely impaired. All 57 hybrids which survived beyond weaning (Table 1) were used in either or both backcross and hybrid-cross breeding trials, but only one hybrid (a Karkloof x Kamberg female paired with a Karkloof male) produced young. This represented an overall hybrid breeding success of < 2%.
Both mean litter size and mean fecundity of the interpopulation pairs were significantly lower than those of the intrapopulation pairs.
While low pre-weaning mortality was characteristic of progeny of intrapopulation pairs (3.9-6.2%), hybrids experienced increased mortality (26-37.5%; Table 1 ). Moreover, 17 of the 25 hybrid neonates which died during the study were injured, suggesting that infanticide may have been the cause of death.
Postnatal development
The timing of the onset of growth and behavioural developmental phenomena of young in the present study was remarkably similar to those described for O. irroratus from the Transvaal Highveld (Davis and Meester 1981) and Eastern Cape Province (Pillay 1990 ); details of the postnatal development of O. irroratus 
are available from these studies. In addition, the development of purebred and hybrid young in the present study was indistinguishable. Of all the physical developmental parameters, only increase in body mass revealed differences between hybrid and purebred young, and therefore only body mass is considered here. Growth rates in respect of head-body, tail, hind-foot and ear lengths of all purebred and hybrid young were more or less identical to those of O. irroratus from the Transvaal Highveld (see Davis and Meester 1981) .
In view of apparent sexual dimorphism in body mass in the Kamberg population (Pillay 1993), growth rates of male and female young are considered separately in Fig. la and lb (Fig.  1) . Age-specific data for the growth curves were derived from the von Bertalanffy growth equation Wf = W a [l -e~k {t~t0) f, where W« -mass at time t, W aasymptotic mass, e -base of natural logarithms, k -rate of change of mass increments, and 10 -theoretical parameter indicating the commencement of growth. Table 2 provides the theoretical von Bertalanffy equations for increase in body mass of purebred and hybrid young.
• Kamborg (18) At all ages Kamberg males and females were respectively heavier than males and females produced by other pairs (Fig. 1) . Except for the pre-weaning development of Kamberg x Karkloof males which was similar to that of Karkloof males, all hybrids were always smaller than purebred young (Fig. 1) . This observation is supported by consideration of estimates of asymptotic mass which suggest that the parent types grow larger than their hybrids (Table 2 ). In addition, slower growth rates (i.e. lower k values of the growth equations) were recorded for the hybrids, although the growth rate of Kamberg x Karkloof females was within the range of purebred females (Table 2 ).
Discussion
The results of the breeding study suggest reduced fertility at the interpopulation level: > 50% of the interpopulation pairs failed to produce young, while the reproductive fitness of successful pairs was lower compared to intrapopulation pairs.
The presence of the tandem fusion in the Kamberg karyotype ( Only one out of the 57 hybrids used in backcross and hybrid-cross breeding trials produced young, indicating that more than 98% of hybrids were sterile. However, it is possible that some hybrids would not have inherited the tandem fusion and could have produced young. Also, it may be assumed that hybrids with the tandem fusion could have produced some viable gametes, and would have had breeding success. This is particularly true of those hybrids involved in backcross breeding, since these were paired with apparently fertile mates; in hybrid-crosses, both hybrids could have produced unbalanced gametes, reducing the chances for successful breeding. Therefore, it may be argued that other factors, either on their own or in combination with the tandem fusion, were responsible for hybrid sterility. The literature suggests that morphological defects (inter alia 
